Objectives. There is some evidence that tibiofemoral osteoarthritis (TFJ OA) and patellofemoral osteoarthritis (PFJ OA) may have different risk factors. To investigate the possibility that these conditions are separate disease entities, we compared biomarker profiles of patients with each disease. Methods. Serum samples were taken from 222 patients who had knee pain and X-ray signs of knee OA. Eighty-two had only medial TFJ OA and 38 only PFJ OA in one or both knees. The remaining patients had either mixed disease or equivocal radiographic evidence of OA. The following biomarkers were measured in serum samples from baseline and follow-up visits: cartilage oligomeric matrix protein (COMP), glycosaminoglycan, keratan sulphate epitope 5D4, YKL-40, osteocalcin, C-telopeptide of type I collagen, hyaluronan and C-reactive protein.
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Medial tibiofemoral osteoarthritis (TFJ OA) and patellofemoral osteoarthritis (PFJ OA) frequently occur in the same joint, although patients can be identified with either TFJ or PFJ, especially at early stages of the disease. The disease processes may differ between the two conditions. Thus no association exists between changes in patellar and tibial cartilage volume over 2 yr in the same knee [1] . Also, there is discordance between the anatomical changes of OA (X-ray changes) and pain and disability [2] , determinants of osteoarthritic activity and outcome such as general health status and psychological factors [3] , and muscle weakness [4, 5] . This discordance is probably due to differences between the tibiofemoral and patellofemoral joints themselves. For example, climbing stairs and steps will be a greater problem than flat walking for patients with PFJ disease and vice versa for those affected by TFJ disease. Obesity and meniscectomy are stronger risk factors for TFJ disease, while Heberden's nodes and family history are more closely associated with PFJ involvement [6] . In addition, squatting (both occupational and non-occupational) is a major risk factor for TFJ OA but not for PFJ OA [6, 7] . If TFJ and PFJ are different diseases then the patterns of serum biomarkers of joint tissue metabolism in the two diseases might also be divergent. In order to test this hypothesis we compared the clinical, radiographic and biomarker profiles of patients with each subset of OA.
Methods

Patients
Two hundred and twenty-two patients with persistent (>3 months) pain in one or both knees and radiographic evidence of TFJ or PFJ OA in at least one knee as considered by the screening clinician were recruited (see [8] , where only the TFJ patients are reported). Approval for the study was given by the institutional review board (Research Ethics Committee) of the United Bristol Healthcare NHS Trust, Bristol, UK. Age, gender, body mass index (BMI), pain [visual analogue scale (VAS), 0-100 mm] and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [9] were recorded at baseline to describe the patient cohort. the nearest 0.5 mm using a transparent ruler and taken as the average of the two readers. The coefficient of variation was 11.3% for a random sample of 20. The readers also made a visual assessment of PFJ joint space narrowing as absent (0) or present (1) , and the mean value was used. Osteophytes were graded as none (0), mild (1), moderate (2) or severe (3) for the medial and patellofemoral compartments, and the mean used in the analysis. The criteria of Kellgren and Lawrence (K&L) [11] , usually applied to the joint as a whole, were used to grade the medial TFJ and the PFJ, taking the lowest 'compartmental K&L' grade of the two readers. Patients were divided into those with TFJ OA (one or both medial TFJ K&L scores >2 but both PFJ scores <3), and those with PFJ OA (both medial TFJ K&L scores <3 but one or both PFJ scores >2).
Blood samples
Serum was collected at baseline and up to nine occasions during the following 5 yr as described previously [8] .
Serum biomarkers of cartilage, bone and synovial tissue metabolism Cartilage oligomeric matrix protein (COMP), a marker of cartilage damage/loss, was measured using the COMP TM enzyme-linked immunosorbent assay (ELISA) kit (AnaMar Medical, Sweden) as described recently [8] . Concentrations of glycosaminoglycan (GAG) and keratan sulphate epitope 5D4 (KS), which are putative markers of cartilage loss, were measured by the dimethylmethylene blue assay [12] and an ELISA inhibition assay [13] , respectively. YKL-40, a possible marker of cartilage destruction and/or synovial inflammation, was determined by a two-site, sandwichtype ELISA (Quidel, Mountain View, CA, USA) [14] . Osteocalcin (OC), a proposed marker of bone formation and the C-telopeptide of type I collagen (CTX-I), a marker of bone resorption, were measured using immunoassays (N-MID Osteocalcin and -CrossLaps/serum, respectively, Roche Diagnostics, Mannheim, Germany). C-reactive protein (CRP), a systemic marker of inflammation and known to be elevated in OA, was measured using a sensitive capture ELISA [15] . Serum levels of hyaluronate (HA), a putative marker of synovial inflammation, was measured by an ELISA inhibition assay using a slight modification of the method used by Goldberg [16, 17] .
Statistical analysis
To ensure a clear-cut comparison between the two knee compartments (tibiofemoral and patellofemoral), patients were only included if the compartmental K&L score was >2 in that compartment in one or both knees and <3 in the other compartment in both knees. The primary analysis of serum biomarkers used baseline measurements, but the availability of sequential samples over 5 yr allowed a secondary analysis using the area under the curve (AUC) (eliminating patients who had total knee replacement [8] ). Clinical symptoms and the pattern of biomarkers in the two groups were compared using the two-tailed t-test, allowing for the effects of age, sex and BMI (after natural log transformation where data were not normally distributed).
Original mean values were calculated on the two groups and the corresponding adjusted differences of the means were compared using two-tailed t-tests. The distribution of radiographic abnormalities was compared using the 2 test.
Results
Separation of radiographic groups
Of the 222 subjects, 82 had only medial TFJ OA, 38 had only patellofemoral OA, 29 had both compartmental K&L scores <3, 34 had OA in both compartments, 37 had normal X-rays and two of the X-rays were lost. The characteristics of the TFJ only and PFJ only patients are summarized in Table 1 . There was no Values are means (95% CI) for TFJ and PFJ OA cohorts and difference of means (95% CI). Medial JSW data are for the worst knee at baseline. Column 4 shows the difference of means (95% CI) after allowing for gender, age and sex. The P values correspond to the adjusted values. a In the few patients where the worst knee was not specified the average of both knees was taken.
b n ¼ 73-77 for the TFJ group and 32-26 for the PFJ group depending on biomarker.
c Serum HA, CRP and YKL-40 were found to be skewed and therefore the values were log transformed (Ln). difference in the age distribution, but there were more females with PFJ OA and this group also had a higher BMI. The medial tibial JSW was normal in the PFJ group while in the TFJ group it was significantly reduced. PFJ joint space narrowing (JSN) was more severe in the PFJ group (Table 2 ) and medial osteophytes were more severe in the TFJ group. Thus the intended separation into two different radiographic groups was achieved.
Severity of disease in each group
The WOMAC scores were the same in both groups ( Table 1 ). The overall radiographic severity (Table 2) shows that there were no significant differences comparing the TFJ group medial K&L score and osteophyte grades with the PFJ group K&L score and osteophyte grades, suggesting that the severity in the two compartments was similar.
Serum biomarkers
The serum concentrations of the biomarkers representing turnover of cartilage, bone and synovial tissue are presented in Table 1 . In both groups all biomarkers, except COMP, had similar mean values. Gender, age and BMI were found to be general confounders in the data and therefore all between-group comparisons in Table 1 have been adjusted for these variables. The only biomarker showing a significant difference between TFJ and PFJ OA groups, after allowing for gender, age and BMI, was COMP. The serum COMP concentrations adjusted for age and BMI in men and women in the two subsets of OA are shown in Fig. 1 . The serum COMP levels in both male and female patients with TFJ OA was significantly higher compared with the PFJ group (P<0.05).
Longitudinal measurements of some of the biomarkers were also available for up to 5 yr; the data were therefore analysed and expressed as AUC per month for the whole of the study period. These data also show that serum GAG, KS, YKL-40, HA and CRP concentrations were similar in the two subsets of OA, but serum COMP was significantly higher in TFJ OA compared with PFJ OA. The mean [95% confidence interval (CI)] AUC/month serum COMP was 12.61 (12.00, 13.22) .001] and the JSN in the patellofemoral compartment was more severe in the PFJ group than the TFJ group (P<0.001). Therefore, this knee-based analysis is consistent with the patient-based data presented in Table 1 .
Discussion
These results show that serum COMP concentrations are higher in patients with TFJ OA than in patients with PFJ OA of similar severity. The two cohorts of patients described in this study were selected by a single process from the same population of patients with knee pain, which serves to delineate any differences in clinical, imaging (X-ray) and biochemical measures of disease activity in TFJ OA and PFJ OA. No significant differences in VAS or Radiographic data are for the worst knee at baseline. When the worst knee was missing the average of both knees was taken. P values for the nominal radiographic data (JSN, osteophytes and K&L) correspond to the 2 test for equality of distributions.
WOMAC (pain, stiffness and function) were found between the two subsets of OA. Moreover, the osteophyte scores and K&L grades were similar in respective compartments in the two groups, suggesting that the two subsets of OA had similar radiographic severity. Thus, the 82 patients with TFJ OA and the 38 with PFJ OA identified from the main cohort represent suitable subsets of patients for investigating biochemical differences in joint tissue metabolism. The concentrations of OC and CTX-I were similar in the two subsets of OA, suggesting that there is little difference in bone metabolism between TFJ OA and PFJ OA. Similarly, the lack of any significant differences between serum levels of HA and CRP between the two groups suggests little difference in synovial activity at the time point measured. By contrast, the serum concentrations of COMP at entry and AUC/month were significantly higher in tibiofemoral disease compared with PFJ OA. These differences remain significant after the major confounding variables (age, gender and BMI) were allowed for in the analysis, suggesting that the increased COMP concentrations in the TFJ group are likely to be real and not an artefact.
Several independent studies have now demonstrated that serum COMP is a marker of cartilage loss [18, 19] . Although COMP is present in some other joint tissues, the concentrations are very low compared with cartilage and menisci [20] . Thus the data presented here may indicate that there is increased degradation and loss of cartilage and/or menisci in the TFJ group compared with the PFJ group. This finding is consistent with the demonstration that there is poor correlation between loss of cartilage in the patellofemoral compartment compared with the tibiofemoral compartment, while there is good positive correlation between loss of cartilage in the medial and lateral tibiofemoral compartments [1] . The increase in serum COMP in the TFJ subset could result merely from a larger volume of affected cartilage being present in the TFJ group as compared with the PFJ group [21] . If so, it would be expected that the other markers of cartilage metabolism used in this study (GAG, KS and YKL-40) would show some differences between TFJ and PFJ. But the concentrations of GAG, KS and YKL-40 were not significantly different in the two subsets of patients, suggesting that the differences in cartilage metabolism observed between the two groups of OA are not simply due to cartilage volume. Moreover, the rate of radiographic cartilage loss was similar in the two subsets and therefore an alternative explanation may be that there are some qualitative differences in cartilage metabolism between the two groups. The value of the cartilage markers, especially GAG, KS and YKL-40, as measures of cartilage damage/loss is questionable [22] and in several of our previous studies we have not found any clear association between serum levels of GAG, KS and YKL-40 and radiographic measures of cartilage loss [17] . In addition, other studies have found KS and YKL-40 to be better markers of systemic inflammation than cartilage turnover [23, 24] . Thus, until further measurements of more reliable markers of cartilage damage and/or loss are available, we cannot establish whether there are definite quantitative and qualitative differences in cartilage metabolism in the two subsets of OA.
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